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In this pa per we pres  ent the data of lym  pho  cyte radiosensitivity test  ing used for char  ac ter iza  -
tion  of  radiosensitive  cel lu lar  phe no type  and  di ag nos tics  of  ataxia-telangiectasia dis  ease. We
point out the ad  van  tage of lym  pho  cyte micronucleus test (CBMN) over other cel  lu  lar tests
for  as sess ment  of  radiosensitivity: the first ad  van  tage of CBMN is that pri  mary pa  tient cells
are used (less than 1 ml), the sec ond one is that the re sults of test ing are ob tained within 3 days 
and there is no need for es tab lish ing a pa tient-de rived cell line, which re quires ad di tional time
and ap  pli  ca  tion of more ex  pen  sive meth  ods. The third ad  van  tage of CBMN method is that it
gives  in for ma tion  about  proliferative abil  ity of cells, which can rec  og  nize dys  func  tional
ataxia-telangiectasia mu  tated pro  tein. The re  sults are fast and ac  cu  rate in di  ag  nos  tics of
ataxia-telagiectasia dis  eases.
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INTRODUCTION
The ataxia-telangiectasia (A-T) is in  her  ited pro  -
gres sive  neurodegenerative  dis or der  caus ing  se vere
dis  abil  ity. The ataxia re  fers to poor co-or  di  na  tion,
whereas telangiectasia in  di  cates small di  lated blood
ves  sels, both of which are hall  marks of the dis  ease.
Other  char ac ter is tics  of  this  dis ease  are  im mu no de fi -
ciency,  spon ta ne ous  chro mo somal  in sta bil ity,  hy per -
sen si tiv ity to ion iz ing ra di a tion, pre dis po si tion to can -
cer, and pre  ma  ture ag  ing. Most of  ten, the symp  toms
first ap pear in early child hood. The A-T is caused by a
de  fect in the A-T mu  tated gene (ATM). The mu  ta  tion
in ATM gene can hap  pen across en  tire gene which is
the main rea  son for the phenotypic dif  fer  ence of the
dis  ease [1]. Among mu  ta  tions that are found in ATM
gene the most fre quent are trun cat ing and splic ing mu -
ta tions. Be cause not all chil dren de velop dis ease in the
same man  ner or at the same rate, it may take some
years  be fore  A-T  is  prop erly  di ag nosed.  Lab o ra tory
test  ing is an im  por  tant part of di  ag  nos  tics of the dis  -
ease. It in  cludes the as  sess  ment of the ATM pro  tein
func tion, the in duc tion of the tu mor sup pres sor pro tein 
p53, the level of se  rum al pha-fetoprotein (AFP) and
the  in trin sic  cel lu lar  radiosensitivity test. In A-T pa  -
tients, the ATM pro  tein is dys  func  tional con  se  quently
lead ing  to  de fec tive  dam age-in duced  ac ti va tion  of  the
cell cy  cle check  points, de  layed ex  pres  sion of the tu  -
mor sup  pres  sor pro  tein p53, high level of se  rum AFP
and  in creased  in trin sic  radiosensitivity [2]. An early
in ves ti ga tion  of  radiosensitivity  dem on strated  that
A-T pa tients ex hibit hy per sen si tiv ity to ion iz ing ra di a -
tion. The lat ter re search showed that the dose-re sponse 
to low lin  ear en  ergy trans  fer (LET) ra  di  a  tion for A-T
cells shows a lin  ear de  pend  ence in  stead of a lin  -
ear-qua  dratic one which is found for nor  mal cells [3],
as a con se quence of re pair de fi ciency of dou ble-strand 
breaks of the DNA [4]. These ob  ser  va  tions fur  ther
sug gest  suit abil ity  of  radiosensitivity test  ing as di  ag  -
nos  tic tool for this dis  ease. Cur  rent meth  ods of test  ing
con  sider mostly col ony sur  vival as  say, which re  quires
es tab lish ing a pa tient-de rived  cell line  via  trans for ma -
tion by Ep  stein-Barr vi  rus and as  sess  ment of cell sur  -
vival af  ter in vi  tro  ir ra di a tion.
In this pa per we pres ent more sim ple way to es ti -
mate  in trin sic  radiosenstitivity  in vi  tro us  ing pri  mary
lym pho cytes  and  lym pho cyte  micronuclei as  say. We
show that this method can be used as a fast and ac  cu  -
rate method for di  ag  nos  tics of AT cel  lu  lar phe  no  type,
that it does not re  quire es  tab  lish  ing a pa  tient-de  rived
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*  Cor re spond ing  au thor;  e-mail:  san dra@vinca.rscell line, and that it pro vides ac cu rate re sults of test ing
within 3 days. 
METHODS AND SAMPLES
Two chil dren of the same fam ily, both girls, aged
2 and 3 years, were clin  i  cally di  ag  nosed as A-T. To
con firm  the  di ag no sis,  the  cel lu lar  sen si tiv ity  to  ion iz -
ing  ra di a tion  was  in  par al lel  in ves ti gated  in  It aly  em -
ploy  ing col  ony sur  vival as  say and in our Lab  o  ra  tory
us  ing lym  pho  cyte micronuclei test. The pe  riph  eral
blood sam  ples (1 ml) were col  lected by vein punc  ture
in heparinized vacutainers in ac  cor  dance with cur  rent
Health and Eth  i  cal Reg  u  la  tions in Ser  bia [5]. The
base  line level of micronuclei (MN), in vi  tro
radiosensitivity and proliferative abil  ity of lym  pho  -
cytes  were  ex am ined.  The  in ci dence  of  ra di a tion-in -
duced lym  pho  cyte micronuclei, in re  sponse to ra  di  a  -
tion dose of 2 Gy (Co60 g-rays) was used as the
in di ca tor  of  ra di a tion  sen si tiv ity  in vi  tro.
IRRADIATION
Two hours af  ter blood col  lec  tion, an aliquot of
heparinized whole blood from each sub  ject was po  si  -
tioned in a 15 cm ´ 15 cm  plexiglas  con tainer and ir ra -
di ated us ing a  60Co g-ray source. The ra di a tion dose em -
ployed was 2 Gy, the dose-rate was 0.45 Gy/min, the
di  men  sions of the ra  di  a  tion field were 20 cm ´ 20 cm,
and the dis tance from the source was 74 cm. Blood sam -
ples  were  ir ra di ated  at  room  tem per a ture.
LYMPHOCYTE
MICRONUCLEUS TEST 
Base line lev els of micronuclei and radiosensitivity
were  es ti mated  em ploy ing  lym pho cyte  micronuclei  test
of Fenech et al., [6]. A min  i  mum of 1000 binucleated
cells was scored with an AxioImager A1 mi  cro  scope
(Carl Zeiss, Jena, Ger  many) us  ing a  mag  ni  fi  ca  tion of
400´ or 1000´.
RESULTS AND DISCUSSION
The re sults ob tained in this work are pre sented in 
tabs. 1 and 2 and figs. 1 and 2. The re sults ob tained us -
ing col ony sur vival and lym pho cyte micronuclei as say 
in both pa  tients are pre  sented in tab.1. Both tests
showed  hy per sen si tiv ity  to  ir ra di a tion.  By  us ing  col -
ony sur  vival as  say, the hy  per  sen  si  tiv  ity is seen as low
num ber of cells able to form col  o nies af ter ir  ra di  a tion.
By  us ing  lym pho cyte  micronuclei  as say  hy per sen si -
tiv  ity is seen as in  creased yield of ra  di  a  tion-in  duced
micronuclei in binucleated cells – the pop  u  la  tion of
cells who con ceded first di vi sion af ter ir ra di a tion. Fur -
ther more,  the  lym pho cyte  micronuclei as  say en  able
mea sure ment  of  cell  pro lif er a tion  po ten tial,  called
cytochalasin  B pro lif er a tion in dex (CBPI), which was
also scored in those sam ples. The proliferative in dex is 
cal cu lated by means of the num ber of mononucleated,
bi, and polinucleated cells [7]. In both pa tient sam ples, 
a high pro  lif  er  a  tion rate of lym  pho  cytes is ob  served
af ter  ir ra di a tion  which  is  a  con se quence  of  dys func -
tional  ATM  pro tein.  The  pro lif er a tion  in dex  dis tin -
guishes check  point dys  func  tion caused by trun  cat  ing
ATM pro tein. The ATM pro tein is the first mol e cule in
sig nal ing cas cade in DNA dam age re sponse. The ATM 
is be  ing phosphorylated when DNA dam  aged oc  curs. 
That re  cruits DNA re  pair pro  teins to the break site. At
the same time the ATM pro  tein makes a puz  zle with
other pro  teins of cell cy  cle check  points and stops the
cell di  vi  sion un  til the re  pair of the DNA is com  plete.
When trun  cat  ing or splic  ing mu  ta  tions in ATM gene
hap pen,  con se quently  dys func tional  ATM  pro tein
formes, pow  er  less for puz  zling with other cell cy  cle
check point pro teins and the time for the DNA re pair is
not  al lowed.  In  the  first  di vi sion  af ter  ir ra di a tion,  the
unrepaired DNA dam  ages are seen as com  plex chro  -
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Table 1. In vitro radiosensitivity testing of ataxia-telangiectasia patients (colony survival and CBMN test)
Colony survival assay SF ± SD
[%]
Incidence of micronuclei
(MN/1000 BN cells) Proliferation index (CBPI) MN/mBN cell
(irradiated)
Base line Irradiated Base line Irradiated Base line Irradiated
AT1 patient 89 ± 2 12.8 ± 6.8 21 990 1.99 2.2 1.81 ± 0.18
AT2 patient 82 ± 6 11.5 ± 7.1 19 1030 1.91 2.3 1.89 ± 0.12
Table 2. In vitro radiosensitivity testing of healthy persons and cancer patients (CBMN test)
Incidence of MN/1000 BN cells % of micronucleated cells (mBN cells) MN/mBN cell (irradiated)
Normal sensitivity 200 ± 29 16 ± 2 1.26 ± 0.18
Radiosensitive 322 ± 31 23.8 ± 6.7 1.33 ± 0.12
Radioresistant 136 ± 23 11.4 ± 3 1.19 ± 0.17
Radiosensitive cancer
patients 366 ± 21 12.1 ± 4 1.31 ± 0.12mo somal ab er ra tion,  high  in ci dence  of  micronuclei or
very  low  per cent  of  col o nies  that  sur vive  ir ra di a tion.
The re  sults of col  ony sur  vival test  ing showed that the
mean sur  vival frac  tion (SF) of ir  ra  di  ated pa  tient cells
was 12.8% ± 6.8% and 11.5 ± 7.1, re  spec  tively. SF
value for the con  trol healthy cell lines was 50.1% ±
±.13.5%. Our pre  vi  ous study of in  trin  sic
radiosensitivity among healthy in  di  vid  u  als [8] and
can  cer pa  tients re  vealed that radiosensitive cel  lu  lar
phe no type  max i mally  dis play  363  and  389
micronuclei per 1000 binucleated cells, re  spec  tively
(tab. 2). Sim  i  lar find  ings were ob  served by West et al
[9]. The ataxia pa  tients ex  hibit al  most 3 times more
micronuclei than radiosensitive in  di  vid  u  als (tab. 1,
fig. 1) which is ac  com  pa  nied with higher in  ci  dence of
MN per micronucleated binuclei cells (tab. 2, fig. 2)
and  high pro lif er a tion of  ir ra di ated  cells. The per cent -
age of micronucleated binuclei cells is sig  nif  i  cantly
higher than in all other study groups, which ad  di  tion  -
ally sup  port radiosensitivity find  ings.
Ac cord ing  to  re sults  of  radiosensitivity test  ing,
pre  sented in this pa  per we point out ad  van  tages of
lym pho cyte  micronuclei as  say vs. other tests for as  -
sess ment  of  in trin sic  radiosensitivity. Three  fold
higher  in ci dence  of  micronuclei in AT cells ac  com  pa  -
nied  with  en hanced  cell  pro lif er a tion  af ter  ir ra di a tion
pro vides  ac cu rate  rec og ni tion  of  AT  cel lu lar  phe no -
type and helps in early di  ag  no  sis of A-T dis  ease.
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Fig ure  1.  Radiosensitivity of ataxia-telangiectasia cells
ver sus nor  mal cells
Fig ure  2.  In ci dence  of  micronuclei  per
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POUZDANA  DIJAGNOSTIKA  ATAXIA  TELANGIECTASIA
]ELIJSKOG  FENOTIPA  PRIMENOM  LIMFOCITNOG  TESTA
RADIOSENZITIVNOSTI  IN  VITRO
U ovom radu prikazani su rezultati ispitivawa radiosenzitivnosti koji su kori{}eni
za klini~ku dijagnostiku oboqewa Ataxia-telangiectasia (AT). Istaknute su prednosti limfocitnog
mikronukleusnog  testa u odnosu na ostale testove koji se koriste za procenu genomske
radiosenzitivnosti:  prva  prednost  CBMN  testa je da koristi veoma malu koli~inu  primarnih
}elija pacijenta (mawe od 1 ml krvi), ne zahteva transformaciju primarnih }elija u }elijske
linije, {to ina~e zahteva dodatno vreme i primenu specijalnih metoda. Tre}a prednost CBMN
testa je {to istovremeno daje podatke o proliferativnom kapacitetu }elija, na osnovu ~ega se
mo`e prepoznati disfunkcionalni ATM pro  tein. Rezultati radisenzitivnosti CBMN testom su
brzi i pouzdani te se sa sigurno{}u mogu koristiti za dijagnostiku oboqewa Ataksia telangiectasia.
Kqu~ne re~i: ataxia-telangiectasia, test  radiosenzitivnosti, dijagnostika